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Abstract 
A simplified approach aimed at predicting plain and notch fatigue resistance of shot peened Al-7075-T651 is 
presented. For this purpose, different shot peening treatments were carried out on plain and notched samples. Reverse 
bending Wöhler curves were determined for both notched and unnotched condition. Initial and stabilized residual 
stresses were measured by X-ray diffraction (XRD) on plain specimens. An evolution to stabilised values of the 
surface stresses, depending on the applied loads, was observed. Residual stresses measured on plain specimens were 
used for predicting, by means of a finite element modelling, respectively the residual stress distributions in the 
notched specimens and the residual stress relaxation in the vicinity of the notch due to the application of different 
fatigue loads. The results of the numerical analysis were used to validate a simplified analytical approach developed 
for computing residual stress relaxation and surface residual stress field both in plain and notched specimens. The 
predicted residual stress distribution was finally incorporated into a multiaxial fatigue criterion. Specifically, the 
critical distance theory was successfully used to predict the fatigue resistance of bodies carrying stress concentrations 
in the presence of a compressive residual stress field. 
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1. Introduction 
Aluminium alloys look very attractive to the aircraft and automotive industry, steadily seeking an 
improvement of the energy efficiency of the transport vehicles, because of their high specific static 
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strength. Usually, high static mechanical properties are induced in aluminium alloys by dispersion 
hardening through solution and ageing heat treatments. However, in contrast with more common metallic 
materials like steels, they exhibit relatively poor fatigue properties as compared to static mechanical 
properties: the fatigue endurance in the high cycle fatigue regime (>5 millions cycle) is about ¼ of the 
tensile strength [1]. In addition, strengthened aluminium alloys suffer from high notch fatigue sensitivity 
as a consequence of the exasperated hardening treatments [2]. Accordingly, the presence of stress raisers, 
like holes, fillets and grooves, always present in machine parts, is particularly detrimental to the fatigue 
response of these alloys, thus limiting their use in highly stressed mechanical components characterized 
by complex shapes. For this reason, aluminium alloys are frequently subjected to surface treatments. For 
instance, shot peening has always received particular attention, allowing for noticeable increments in the 
plain and notch fatigue life of steels and light alloys. In the literature, the major part of this improvement 
has been almost unanimously attributed to the introduction of compressive residual stresses in the surface 
region, responsible for both retarded fatigue crack initiation and lower small crack growth rates [3]. 
The practical interest of shot peening is however limited by the difficulty of accurately predicting its 
beneficial effect on the fatigue response of mechanical components. In fact, the extent of the fatigue 
response enhancement strongly depends upon the residual stress distribution and evolution throughout the 
service life, which are hardly predictable, especially in mechanical components characterized by complex 
shapes. In this regard, the authors recently studied the effect of three types of shot peening treatments on 
the plain and notch fatigue response of the Al-7075-T651 alloy under reverse bending loading conditions 
(R = -1) [4,5]. In particular, it was shown that (i) residual stress relaxation occurs when the superposition 
between the compressive residual stress and the compressive peak due to the applied reverse bending 
exceeds the material’s cyclic yield stress; (ii) the plain fatigue response is directly correlated with the 
surface residual stress as successfully predicted using the Sines criterion incorporating the stabilized 
residual stress field as mean stresses; (iii) the residual stress field concentrates in the proximity of notches, 
similarly to the concentration effect of external loading stresses; (iv) the notch fatigue resistance can be 
satisfactorily predicted by the Sines fatigue criterion incorporating stabilized residual stresses and 
combined with a line method based on the critical distance theory to account for the notch sensitivity. 
Unfortunately, the large amount and complexity of finite element (FE) simulations used in these 
investigations strongly limit the practical applicability of this fatigue calculation method. 
The present paper is aimed at elaborating a simplified approach that can be applied in the practice to 
satisfactorily predict plain and notch fatigue strength of shot peened aluminium alloys. First, an analytical 
model able to predict surface residual stress relaxation has been proposed and verified. Second, the 
residual stress field in the vicinity of the notch has been computed by assuming that the notch 
concentrates residual stress in the same manner of external bending stresses. Third, the computed surface 
stabilized residual stress field has been incorporated into the Sines fatigue criterion to predict plain and 
notch fatigue. The critical distance theory has been adopted to account for the notch sensitivity. In this 
way, it is possible to predict the fatigue strength of shot peened components if few material characteristics 
are known: plain fatigue resistance at two R ratios (e.g. R = -1 and R = 0), initial residual stress profile 
measured in plain specimens, the stress field around the notch due to external load through linear –elastic 
FE analyses, cyclic stress-strain curves of the several surface layers of the shot peened material, long 
crack growth rate curve. 
2. Materials and experimental procedures 
The experimentation has been performed on the aluminium 7075-T651 alloy, widely used for 
aeronautical applications, supplied in the form of 4 mm thick rolled plate. The fatigue characterization has 
been carried out on prismatic specimens designed according to the standard ISO 3928. In some samples 
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the fillet radius is large enough to make any notch fatigue effects negligible. In the following, they will be 
regarded as “smooth” or “plain” samples. The notched specimens carry two edge V-notches, which 
significantly affect the stress distribution. The notch root fillet radius was set to 2 mm (“blunt” notched 
samples) and 0.5 mm (“sharp” notched samples), so that the theoretical stress concentration factor ranges 
between 1.53 and 2.33, respectively. Part of the specimens has been subjected to controlled shot peening: 
the parameters of the three peening treatments considered are summarized in Table 1 (further details can 
be found in [4]). Each treatment has been performed using ceramic glass beads, which allow for higher 
fatigue performances as compared with steel shot. The treatment named CE-B120 employs small ceramic 
beads leading to a gentle and superficial effect, whereas the second one termed CE-Z425 has been 
conducted with beads of larger size in order to produce a deeper cold worked layer. The third treatment 
called CE-Comb is a double peening consisting in the CE-Z425 followed by the CE-B120 treatment. 
Table 1. Parameters of the three shot peening treatments considered in this study. 
Treatment Bead size (m) 
Bead hardness 
(HV1) 
Bead 
composition 
Almen 
intensity 
Bead speed 
(m/s) 
Angle of 
impingement 
Coverage 
(%) 
CE-B120 63-125 4.5N 57 
CE-Z425 425-600 
700 
ZrO2 67% 
SiO2 31% 4.5A 26 
CE-Comb CE-Z425 followed by CE-B120 
90° 100 
 
Reverse (zero mean stress, R = -1) plane bending displacement-controlled fatigue tests have been 
carried out at room temperature air and at a nominal frequency of 30 Hz. Different stress levels 
corresponding to fatigue lives in the range between nearly 5104 and 5106 cycles have been considered. 
The results thereof can be found in [4,5]. 
The analysis of the residual stress field induced by the peening treatments was carried out by 
measuring the stress profile by XRD technique. They are based on the sin2 method. Both initial and 
stabilized residual stress fields were measured on plain specimens. For this purpose, measurements were 
performed on specimens tested under reverse bending conditions after failure in a region far enough from 
the fracture surface (about 2 mm) so that the material rupture was supposed not to have altered the 
residual stress field. The results thereof can be found in [4]. 
3. Analytical model of the residual stress relaxation 
Numerical and experimental investigations made in [6] suggest that residual stress relaxation occurred 
when the superposition between the compressive residual stress and the compressive peak due to the 
applied reverse bending exceeds the material’s cyclic yield stress. The cyclic stress-strain curves of the 
surface layers of the shot peened samples have been derived through reverse strain axial testing combined 
with microhardness tests. Bilinear kinematic hardening is assumed: 
 =

E
  Y
Y
E
+
 Y
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 > Y



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

   (1) 
where E is the Young modulus, m is the tangent modulus. The basic idea is to develop a simplified 
analytical model able to predict the stabilized residual stress field on the surface, which was found to 
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dictate the fatigue behaviour. It is assumed that the initial residual stress field is equibiaxial and generated 
by an initial permanent strain field according to: 
 i =  x
i =  y
i =
1
E
 iRS   (2) 
where  is the Poisson ratio. If material’s cyclic yield stress is exceeded, plastic strain components add 
to the initial permanent strain field, so that the stabilized residual field is given by: 
 x
RS =
E
1 2
1+ ( ) i   xp  yp ;  yRS =
E
1 2
1+ ( ) i   yp  xp   (3) 
The plastic strain components are given by [7]: 
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where x is the external uniaxial stress. The effective plastic stain p can be expressed in terms of 
equivalent Von Mises stress e as: 
 p =
 e Y
m
;  e =
1
2
 x + x
RS( )2 +  yRS( )2 +  x + xRS  yRS( )2  (5) 
If Eqs. (5) and (3) are substituted into Eqs. (4), a systems of two non-linear equations with two 
unknowns,  x
p  and  y
p , is obtained. Once it has been numerically solved, the stabilized residual stress 
field is calculated by substituting  x
p  and  y
p  into Eqs. (3). Figure 1 illustrates the comparison between 
experimental and predicted stabilized residual stress values at different applied bending stresses for the 
three peening conditions investigated. A satisfactorily agreement is apparent, especially for the CE-B120 
and CE-Comb peening conditions. 
 
 
Fig. 1. Comparison between experimental and predicted residual stress at the surface of plain samples tested at different bending 
amplitudes. 
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4. Predicting plain and notch fatigue resistance of shot peened Al-7075-T651 
In [4] it was shown that residual stresses can be treated as mean stresses and that they can be 
incorporated into the Sines multiaxial fatigue criterion to predict the plain fatigue resistance of the shot 
peened samples. The stress concentration effect exerted by the surface dimples is taken into account 
according to the formula proposed in [8]. Figures 2a, b, and c show the comparison between experimental 
data and the calculated mean fatigue curve for the CE-B120, CE-Z425 and CE-Comb conditions, 
respectively. It can be noted that the low cycle fatigue regime (up to about 4·105 cycles) is well 
represented by the Sines criterion, particularly when the stabilized residual stresses (SRS), predicted 
according to the aforementioned analytical model, are considered. Conversely, a slight overestimation of 
the fatigue strength, especially at the higher load levels, is obtained when the initial residual stresses (IRS) 
are incorporated into the fatigue criterion. Apparently, the beneficial effect of the residual stresses on the 
fatigue response is partly reduced by the residual stress relaxation. The high cycle fatigue response of the 
CE-B120 (Fig. 3a) condition is quite well simulated by the proposed approach, which takes adequately 
into account the superficial initiation of fatigue cracks observed in this material condition. Conversely, the 
proposed approach overestimates the high cycle fatigue behaviour of the two intense peening treatments 
(Figs. 3b and 3c), whose 5·106 cycles fatigue endurance was found to correspond to the condition of sub-
superficial incipient plasticization, phenomenon that cannot be captured by the multiaxial fatigue 
criterion. 
The notch fatigue resistance was calculated in [5] using the theory of critical distance. Specifically, the 
Sines equivalent stress incorporating the residual stress field is averaged over a material characteristic 
length along the notch bisector to account for material notch sensitivity. For this purpose, the residual 
stress field in the vicinity of the notch was numerically reconstructed starting from that measured in plain 
samples and its evolution during the fatigue life was calculated. In the present paper, a simplified 
approach is adopted. It is assumed that the residual stress field is concentrated by the notch in the same 
way as the external load. So the surface residual stress along the notch bisector is calculated by amplifying 
the surface residual stress measured in plain sample by the same scaling factor determined by linear 
elastic FE modelling of the bending load. Since the stress field in the vicinity of the notch is 
preponderantly uniaxial, only the stress component acting orthogonally to the notch bisector is considered. 
Then the analytical model presented in Section 3 is used to predict the stabilized residual stress 
distribution. Since the external bending stress corresponding to a given fatigue life is unknown, the 
iterative procedure illustrated in [5] is adopted. 
The comparison between the experimental data and the mean fatigue curve is illustrated in Figs. 2a-c 
for the CE-B120, CE-Z425 and CE-Comb conditions, respectively. Experimental and predicted notch 
fatigue response are in good agreement for the CE-B120 condition (Fig. 2a), the error is in fact less than 
10%, which is considered acceptable for predictions made with the theory of critical distances. Moreover, 
a better prediction has been obtained if stabilized instead of initial residual stresses are considered. Even 
for the combined peening treatment (Fig. 2c) the fatigue curves are satisfactorily predicted, in this case the 
major part of the experimental data lies between the predictions made using initial and stabilized residual 
stresses. Finally, a reasonable agreement between experimental and estimated fatigue curves of the 
samples subjected to the CE-Z425 treatment (Fig. 2b), in fact the error is less than 10% except for the 
high cycle fatigue behaviour of the sharp notched samples, as imputed in [5] to insufficient coverage by 
the large beads. RE
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Fig. 2. Comparison between experimental and calculated P50 fatigue curves. (a) CE-B120, (b) CE-Z425, and (c) CE-Comb peening 
treatment. IRS: initial residual stresses, SRS: stabilized residual stresses. 
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